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(54) POLYMER SOLID ELECTROLYTE FILM/ELECTRODE INTEGRALLY MOLDED BODY 
AND MANUFACTURE THEREOF 

(57)Abstract: 

PURPOSE: To provide a polymer solid 
electrolyte/electrode joining body integrally formed with a 
polymer electrolyte film having uniform thickness, high 
strength, and the minimum thickness required, and a 
catalyst layer firmly bonded to the polymer electrolyte 
film to ensure electrical contact and having high strength. 



CONSTITUTION: Stretched porous PTFE is 
/impregnated! with a polymer solid electrolyte resin ^ 
v ^kii©fi^"lRen a solvent is removed to form a composite 

p^yj^ir solid electrolyte 1 film, and an electrode 2 

formed by filling the electrode 2 constituting component 

containing at least an electrode catalyst and a polymer 

solid electrolyte in the pores of the stretched porous 

PTFE is integrally formed on the surface of the composite polymer solid electrolyte 1 film. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1]On the surface of a compound polymers solid-electrolyte membrane which consists of 
extension porosity polytetrafluoroethylene and solid polymer electrolyte resin contained in the 
porosity hole part. A compound polymers solid-electrolyte membrane / electrode integral- 
moulding object, wherein an electrode filled up with an electrode configuration ingredient which 
contains an electrode catalyst and a solid polymer electrolyte at least all over an opening of 
extension porosity PTFE is formed in one. 

[Claim 2]After arranging the 1st extension porosity polytetrafluoroethylene on a substrate 
which has a mold-release characteristic, by applying a solution of solid polymer electrolyte 
resin to the surface, Solid polymer electrolyte resin is impregnated all over an opening of 
extension porosity polytetrafluoroethylene, Remove a solvent, form a compound polymers 
solid-electrolyte membrane, and the 2nd extension porosity polytetrafluoroethylene membrane 
is succeedingly arranged on the surface, By applying to the surface an ink-like solution which 
contains an electrode catalyst and solid polymer electrolyte resin at least. After an ink-like 
solution is impregnated all over an opening of the 2nd extension porosity 
polytetrafluoroethylene, A process of the compound polymers solid-electrolyte membrane / 
electrode integral-moulding object removing a substrate which has a mold-release 
characteristic and acquiring a compound polymers solid-electrolyte membrane / electrode 
integral-moulding object after obtaining an electrode by forming it in the polymers solid- 
electrolyte membrane surface by removing a solvent. 

[Claim 3]On the surface of a compound polymers solid-electrolyte membrane which consists of 
extension porosity polytetrafluoroethylene and solid polymer electrolyte resin contained in the 
porosity hole part. An electrode filled up with an electrode configuration ingredient which 
contains an electrode catalyst and a solid polymer electrolyte at least all over an opening of 
extension porosity PTFE is formed in one, And an electrode / compound polymers solid- 
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electrolyte membrane / electrode Integral-moulding object, wherein an electrode is united also 
with another surface of this compound polymers solid-electrolyte membrane, 
[Claim 4]The electrode / compound polymers solid-electrolyte membrane / the electrode 
integral-moulding object according to claim 3 in which an electrode filled up with an electrode 
configuration ingredient which contains an electrode catalyst and a solid polymer electrolyte at 
least all over an opening of extension porosity PTFE is formed in both sides of said compound 
polymers solid-electrolyte membrane at one, respectively. 

[Claim SjAfter arranging the 1st extension porosity polytetrafluoroethyiene on an electrode 
fabricated beforehand, by applying a solution of solid polymer electrolyte resin to the surface, 
Solid polymer electrolyte resin is impregnated all over an opening of extension porosity 
polytetrafluoroethyiene, Remove a solvent, form a compound polymers solid-electrolyte 
membrane, and the 2nd extension porosity polytetrafluoroethyiene membrane is succeedingly 
arranged on the surface, By applying to the surface an ink-like solution which contains an 
electrode catalyst and solid polymer electrolyte resin at least, A process of the electrode / 
composite high polymer electrolyte film / electrode integral-moulding object forming an 
electrode in the compound polymers solid-electrolyte membrane surface by removing a solvent 
after an ink-like solution is impregnated all over an opening of the 2nd extension porosity 
polytetrafluoroethyiene. 

[Claim 6]A process of the electrode / composite high polymer electrolyte film / electrode 
integral-moulding object obtaining by removing a solvent after applying an ink-like solution 
which contains an electrode catalyst and solid polymer electrolyte resin at least on a substrate 
which has a mold-release characteristic for said electrode fabricated beforehand in claim 5. 
[Claim 7]On a substrate which has a mold-release characteristic for said electrode fabricated 
beforehand in claim 5, arrange extension porosity polytetrafluoroethyiene membrane and an 
ink-like solution which contains an electrode catalyst and solid polymer electrolyte resin at 
least on the surface is applied, A process of the electrode / composite high polymer electrolyte 
film / electrode integral-moulding object obtaining by removing a solvent after an ink-like 
solution is impregnated all over an opening of extension porosity polytetrafluoroethyiene. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial AppiicationjThis invention relates to a solid polymer electrolyte/electrode conjugate. 
Although it can use for the water electrolysis system etc. with which the lithium which uses a 
lithium Ion conductive soUd electrolyte in more detail with respect to the electrode / solid 
polymer electrolyte zygote of the electrochemical device which uses an ion conductivity solid 
polymer electrolyte used the eel! or the proton conductivity solid electrolyte, It is used for the 
polymers solid oxide fuel ceil which uses a proton conductivity solid electrolyte the optimal. 
[0002] 

[Description of the Prior ArtjMuch more improvement in energy efficiency is called for, 
therefore electrode structure is devised, three-dimensions-ize an electrode reaction point, and 
it is made to increase a labile point, and a solid polymer electrolyte is arranged also inside an 
electrode, and it enables it to move ion promptly in the electrochemical device which uses a 
solid polymer electrolyte, in order to be able to move promptly the ion by which it was 
generated to a counter electrode, contact with the solid electrolyte in an electrode and the 
solid-electrolyte membrane which is barrier membrane needs to be good, and the membrane 
resistance of the solid-electrolyte membrane itself needs to be low, and, for that purpose, the 
thinner possible one of thickness is preferred. If the polymers solid-electrolyte membrane 
currently used with the fuel cell always is not used by a damp or wet condition, humidify to 
reactant gas, and are trying to maintain a damp or wet condition indirectly, since polarization 
occurs and performance falls, an ion-conductive fall and, but. A humidity effect is so good that 
a polymers solid-electrolyte membrane is thin, and improvement in limiting current density can 
be expected. 

[0003]After preparing a solid-electrolyte membrane and an electrode for according to, 
respectively and piling these up conventionally, the method of joining with a hotpress is 
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generally performed. 

What was fabricated in the shape of a fiim as a commercial item as a solid polymer electrolyte 
(for example, U.S. Du Pont make Nafion #115 grade), the thing which carried out the cast of 
the solution and fabricated it filmy, etc. are used. 

Using it, inserting mechanically, without carrying out a hotpress is also proposed. 
[0004] 

[Problem(s) to be Solved by the InventionjHowever, in junction by a hotpress, since a pressure 
was applied in the place which the film softened with temperature, when thickness was made 
not much thin, the film was destroyed, and there was a problem of having produced gas 
leakage or being easy to generate an inter-electrode short circuit. Since this posed a still more 
difficult problem when the smooth nature of an electrode is bad, it was difficult to make 
thickness thin extremely. There were also the electrode itself and a problem of spoiling the 
breathability which is an element whose electrode for enabling the operation with high current 
density is important since a consolidation is carried out, at the time of a hotpress. 
[0005]Although I hear that problems, such as these, are solved and the hot pressing step itself 
can be skipped and the method of using it, inserting mechanically is also proposed, In order to 
keep low keeping contact with an electrode uniform, and the contact resistance itself, when a 
remarkable pressure was needed and thickness was made thin, there was the same problem 
as a hotpress. In the fuel cell constituted by accumulating two or more cells, it will become 
what has difficult and low reliability to maintain fixed contact resistance over a Idhg period of 
time by the stress relaxation of an electrode or a film, etc. 

[0006]ln order to solve these problems, on an electrode catalyst, the electrode preferably 
fabricated by the sheet shaped, or an electrode catalyst side, By carrying out spreading 
desiccation of the solution of solid polymer electrolyte resin, form a solid-electrolyte membrane 
directly and it is considered as a zygote, . [whether a solid-electrolyte membrane side is made 
to associate and the hotpress of the zygotes fabricated by carrying out in this way is carried 
out, and ] Or. [ whether a solvent is removed after making it associate after applying a solid 
polymer electrolyte resin solution or its solvent, and unifying, and ] Or after making the thing 
which applied or dried [ spreading ] the solid polymer electrolyte solution to the inside of sheep 
dryness too at the electrode or the electrode surface after applying the solution of solid 
polymer electrolyte resin to an electrode surface associate, removing a solvent and 
considering it as the anode / film / negative pole integrally molded product is also proposed. 
However, in the method of applying a soiid polymer electrolyte resin solution on an electrode 
catalyst layer side, and fabricating a film. Depending on electrode structure, film formability 
may have been bad, and needed to apply the solution too much, therefore osmosis of solid 
polymer electrolyte resin into an electrode catalyst layer may have become superfluous, and 
gas diffusion nature may have been checked. It was also difficult to consider it as uniform 
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thickness, and when it was going to make thickness thin, a possibility of producing an inter- 
electrode short circuit too was high. 

[0007]The high energy efficiency of an electrochemical device in which this invention person 
used the polymers solid-electrolyte membrane, And it makes it possible to make thickness of a 
solid-electrolyte membrane thin that the operation, with high current density should be made 
possible, And as the electrode / film zygote, or the electrode / film / electrode conjugate which 
secures contact resistance with an electrode low and certainly, and does not necessarily need 
heat pressing distance, without spoiling the original physical properties of an electrode, To an 
electrode surface, it is extension porosity polytetrafluoroethylene (hereafter). 
Polytetrafluoroethylene is abbreviated to PTFE. What fabricated to one the compound 
polymers solid-electrolyte membrane which consists of solid polymer electrolyte resin 
contained in the porosity cavity part is proposed (the Japanese-Patent-Application-No. No. 
303872 [ six to ] specification). Namely, by applying a solid polymer electrolyte resin solution to 
the surface, after arranging extension porosity PTFE on an electrode, The cavity part of 
extension porosity PTFE is impregnated in a solid polymer electrolyte resin solution, and by 
removing a solvent after that, an electrode and one are used at the same time it forms a 
compound polymers solid-electrolyte membrane in an electrode surface. 
[0008] However, also in this method, when the solid polymer electrolyte solution applied to the 
surface depending on the physical properties of an electrode penetrates an extension porosity 
PTFE film and sinks into an electrode, the presentation of an electrode may be changed and it 
may have an adverse effect on an electrode characteristic. When this phenomenon happens 
selectively, it is also possible to cause the variation in an electrode characteristic, the thickness 
of a compound polymers solid-electrolyte membrane, and the variation of resistance. 
[0009]Apart from the above thing, this invention person has proposed the catalyst bed which 
fills up the opening of extension porosity PTFE with the ingredient which includes solid polymer 
electrolyte resin and a catalyst at least as an electrode for electrochemical devices which used 
the polymers solid-electrolyte membrane, By constituting this from on a gas diffusion layer 
material face, what is called a gas diffusion electrode of a gas diffusion layer / catalyst bed one 
is proposed (the Japanese-Patent-Application-No. No. 304991 [ six to ] specification). 
However, in order to be filled up with the ingredient which includes solid polymer electrolyte 
resin and a catalyst in this electrode in the opening of extension porosity PTFE, it is necessary 
to use these ingredients as the ink-like solution which the solvent was made to dissolve or 
distribute, and moreover, this solution needs to be a thing with low surface tension to such an 
extent that it wets PTFE. For this reason, since this ink-like solution becomes what can also 
wet gas diffusion layer material, When forming a catalyst bed on a gas diffusion layer material 
face, the part, especially solid polymer electrolyte pitch of an ink component may permeate a 
gas diffusion layer, For this reason, when the water repeilence of a gas diffusion layer fell, for 
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example, it was made to operate as a fuel cell, catalyst surfaces got wet with the moisture to 
generate, and gas diffusion might worsen and, as a result, might cause degradation, 
[0010]This invention solves these problems, have uniform thickness and high intensity, and 
The polymers solid electrolyte thin film of necessary minimum thickness moreover, Have 
combined with this firmly and electrical-and-eiectric-equipmeni (ion conduction) contact 
moreover is also fully secured, Therefore, with gas diffusion nature movement of generation 
ion is also performed promptly and good and high reactivity. The polymers solid-electrolyte 
membrane / electrode conjugate which comprises the catalyst bed of high intensity are 
proposed, and the electrode / polymers solid-electrolyte membrane / electrode conjugate 
which has an electrode also in the opposite side which sandwiches the polymers solid- 
electrolyte membrane of this zygote further are also proposed. 
[0011] 

[Means for Solving the ProblemjjGn namely, the surface of a compound polymers solid- 
electrolyte membrane as for which this invention consists of extension porosity 
polytetrafluoroethylene and solid polymer electrolyte resin contained in the porosity hole part. 
A compound polymers solid-electrolyte membrane / electrode integral-moulding object, 
wherein an electrode filled up with an electrode configuration ingredient which contains an 
electrode catalyst and a solid polymer electrolyte at least all over an opening of extension 
porosity PTFE is formed in one, And the electrode / compound polymers solid-electrolyte 
membrane / electrode integral-moulding object which formed in both sides of the above- 
mentioned compound polymers solid-electroiyte membrane at one an electrode filed up with 
an electrode configuration ingredient which contains an electrode catalyst and a solid polymer 
electrolyte at least aii over an opening of extension porosity PTFE, respectively are provided. 
[00 12] After this invention arranges the 1st extension porosity polytetrafluoroethylene similarly 
on a substrate which has a mold-release characteristic, by applying a solution of solid polymer 
electrolyte resin to the surface, Solid polymer electrolyte resin is impregnated all over an 
opening of extension porosity polytetrafluoroethylene, Remove a solvent, form a compound 
polymers solid-electrolyte membrane, and the 2nd extension porosity polytetrafluoroethylene 
membrane is succeedingly arranged on the surface, By applying to the surface an ink-like 
solution which contains an electrode catalyst and solid polymer electrolyte resin at least, After 
an ink-like solution is impregnated all over an opening of the 2nd extension porosity 
polytetrafluoroethylene, After obtaining an electrode by forming it in the polymers solid- 
electrolyte membrane surface by removing a solvent, A process of the compound polymers 
solid-electrolyte membrane / electrode integral-moulding object removing a substrate which 
has a mold-release characteristic and acquiring a compound polymers solid-electroiyte 
membrane / electrode integral-moulding object, And by applying a solution of solid polymer 
electrolyte resin to the surface, after arranging the 1st extension porosity 
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polytetrafluoroethylene on an electrode fabricated beforehand, Solid polymer electrolyte resin 
is impregnated all over an opening of extension porosity polytetrafluoroethylene, remove a 
solvent, and a compound polymers solid-electrolyte membrane is formed, By arranging the 
2nd extension porosity polytetrafluoroethylene membrane on the surface succeedingly, and 
applying to the surface an ink-like solution which contains an electrode catalyst and solid 
polymer electrolyte resin at least, After an ink-like solution is impregnated all over an opening 
of the 2nd extension porosity polytetrafluoroethytene, a process of the electrode / composite 
high polymer electrolyte film / electrode integral-moulding object forming an electrode in the 
compound polymers solid-electrolyte membrane surface is provided by removing a solvent. 
[0013]Extension porosity PTFE (it abbreviates to EPTFE henceforth) used by this invention is 
a three-dimensional network structure thing which consists of a PTFE microfilament which 
connects these with a minute tubercle of countiess PTFE mutually so that may be indicated to 
JP, 51-18991,8. According to manufacturing conditions, the physical properties and structure 
are controllable and can provide a high intensity structure considering height of voidage. 
Although various kinds of things can be used as solid polymer electrolyte (it abbreviates to PE 
henceforth) resin according to a use, it dissolves, for example with a polyethylene oxide alkali- 
metal-salt complex and various organic electrolysis liquid, and the rubbers which can be held 
are mentioned. As an object for fuel cells, perphloro sulfonate resin and ion-exchange resin of 
various hydrocarbon systems and a fluorine system are used. A catalyst of platinum etc., 
carbon powder, and various ceramic powder may be added in the range which electron 
conductivity does not produce to this PE resin depending on the case. 
[0014]Generaliy as a solvent of these resin solutions, an organic solvent of various 
hydrocarbon systems, water, or these partially aromatic solvents are used. What is necessary 
is for an EPTFE film to be hard to be impregnated depending on a molecular weight of resin, or 
a kind of solvent, when PE resin solution is impregnated or spreading impregnated, but just to 
carry out suitably suitable processing of addition of concentration adjustment, a surface-active 
agent, or a solvent with low surface tension, a surface treatment of an EPTFE film, etc. in this 
case. 

[0015]Although a compound PE film which is thin and has high intensity in this invention by 
impregnating solid polymer electrolyte resin ail over an opening of this EPTFE is obtained, It 
may not limit especially as the method and may carry out by removing a solvent, after carrying 
out dipping of the EPTFE film, for example to PE resin solution, A solvent may be removed 
and created, after apply to the surface with a brush etc., or applying with screen printing, or 
applying by a roll coater etc. and being impregnated. When it is hard to be impregnated, 
operation which is rubbed mechanically, and physical operation on which an ultrasonic wave is 
made to act may be performed. Of course, it repeats several times, and it may be impregnated 
and this may be created. In this case, a layer of only PE resin may be made on the surface of 
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bipolar membrane of EPTFE and PE resin, and it does not matter even if a part of EPTFE is 
exposed in layers, and an imperforate layer shouid just be formed continuously. Although 
suitable methods, such as air-drying or stoving, may be used for removal of a solvent, it is 
necessary to avoid excessive heating which causes decomposition of PE. If required intensity 
and thickness are filled as EPTFE used here, Since membrane resistance becomes low as a 
thing with high voidage, it is desirable, but generally From 1 micrometer of thickness to 100 
micrometers. The aperture can use [ micrometer / 0.05 ] 5 micrometers of 0.5 to 2-micrometer 
things 80% to 95% about 98% from 2 micrometers to 30 micrometers, and 60% of voidage 
preferably, 

[0016]Various impalpable powder, such as ceramic powder, such as conductive powder, such 
as catalyst powder, such as platinum, carbon black, and black lead, and alumina, etc. may be 
included in the range which electron conductivity does not produce in this EPTFE depending 
on the case. In this case, a homogeneous-mixing raw material of PTFE and these impalpable 
powder is prepared, and the rest is obtained by processing it like a PTFE simple substance 
raw material. 

[00 17] An electrode which an electrode configuration ingredient which contains an electrode 
catalyst and PE at least all over an opening of EPTFE is filled up with this invention into the 
surface of a compound solid polymer electrolyte resin layer produced by making it above, and 
changes is formed in one. As physical properties and structure of having been suitable for 
EPTFE used here, 3-200 micrometers of thickness, not less than 60% of voidage, and an 
aperture are EBP values (although it is a method given in ASTM;F-3 16-86 and becomes a rule 
of thumb of the maximum aperture). EPTFE does not compute the maximum aperture as it is 

for fibril structure. It is below 0.5 kg / cm 2 . Although optimal thickness changes with required 
catalyst amounts and demand characteristics, in less than 3 micrometers, securing a required 
catalyst amount cannot secure a place of three-dimensional reaction difficult and sufficient 
again. At more than 200 micrometers, gas diffusion nature and ion conductivity have trouble, 
and a catalyst does not function enough. At less than 60%, the amount of PTFE increases 
relatively, resistance will not change low enough and void content of a catalyst amount with 
which it can be filled up will decrease. It is difficult for aperture of an aperture to be too small in 

0,5 kg/cm 2 ** at an EBP value, and to fill up a cavity part in a film with a catalyst particle. 
Although structure where a minute pars tuberalis is small as much as possible, and structure 
which will consist only of microfilament if possible are preferred, it is not limited to this. While 
becoming possible to be filled up with material which begins by using such an EPTFE film and 
contains PE and a catalyst component in the cavity part, a required catalyst amount, While 
being able to function as an electrode which could secure gas diffusion nature and conductivity 
(ion and electron), therefore was excellent, a uniform catalyst bed can be obtained with 
sufficient reproducibility according to a reinforcing effect by an EPTFE fibril network, and a 
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matrix effect of EPTFE. 

[0018]As this EPTFE, a conductive materia!, for example, carbon black, graphite powder, 
titanium powder that carried out the coat of the platinum, etc. may be included in that material 
texture. Of course, the catalyst itself or a thing which supported a catalyst may be sufficient as 
this powder. Thus, in order to create EPTFE which contains such impalpable powder in 
material texture, Material which removed and ground back moisture made to coagglutinate 
after mixing dispersion liquid which made dispersion of PTFE distribute these powder, and was 
made powdered can be prepared, and this can be processed and obtained according to a 
method of an indication to JP, 51-18991,8 like materia) of PTFE. 

[0019]Restoration of an ingredient to a cavity part of EPTFE which includes solid polymer 
electrolyte resin and a catalyst at least is performed by removing a solvent, after an EPTFE 
cavity part is impregnated in a mixed soiution containing these ingredients, or [ that solid 
polymer electrolyte resin can dissolve as a solvent of this solution although these mixed 
solutions, such as a water + surface-active agent and an organic solvent, are used ] -- or it is 
necessary to stabilize and distribute 

[0020]Although what was used for said compound PE film is preferred as solid polymer 
electrolyte resin, it does not adhere to in particular this and ion-exchange resin of a 
hydrocarbon system or a fluorine system cart use it arbitrarily. Ion-exchange resin, especially 
perphloro sulfonate resin of a perphloro carbon system are preferred the optimal. This resin 
can be obtained with a trademark of "Nafion" for example, from U.S. Du Pont. A mixed solvent 
of an organic solvent [ solvent / of a solution of this resin ] centering on various alcohols, or this 
and water is used. 

[0021] Arbitrary powder which acts as an electrode catalyst can use a catalyst according to a 
use. For example, in an ozone generating electrode, it is platinum or a platinum metal metal 
alloy at anhydrous plumbic acid and a water electrolysis electrode, and they are platinum or 
platinum alloy support carbon black in a fuel cell. A mixed soiution of this catalyst powder and 
solid polymer electrolyte resin is producible by adding a solid polymer electrolyte resin solution, 
after making the above-mentioned solvent distribute catalyst powder. A hole is made and it 
may be made to improve gas diffusion nature further by strengthening water repellence, or 
adding ostomy agents, such as ammonium bicarbonate, salt, and calcium carbonate, and 
removing after shaping by furthermore adding PTFE dispersion or FEP dispersion depending 
on the case. 

[0022] It can be a mixed solution of a soiution and conductive powder which contain solid 
polymer electrolyte resin and a catalyst precursor as solid polymer electrolyte resin and a 
mixed solution including a catalyst. Namely, by adding a positive ion of catalyst metal which 
can be combined with this exchange group When cation exchange resin is used as solid 
polymer electrolyte resin, It may be the mixed solution of resin, conductive powder, and solid 

http://www4.ipdl. inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ipd... 9/4/2009 



JP,08-329962,A [DETAILED DESCRIPTION] 



Page 8 of 14 



polymer electrolyte resin which combined a positive ion of catalyst metal with solid polymer 
electrolyte resin. After having used carbon biack as conductive powder, making a solid 
polymer electrolyte resin solution specifically distribute this and making solid polymer 
electrolyte resin stick to carbon black, What is necessary is to add a solid polymer electrolyte 
resin solution further, and just to adjust an ink-like solution, after adding and carrying out ionic 
exchange of a positive ion, for example, a platinum ammine complex solution, of catalyst 
metal. It may be the thing which mixed these simultaneously, of course. When such a solution 
is used, after forming a film / electrode or an electrode / film / electrode integral-moulding 
object by this invention, it is necessary to change a catalyst precursor into a catalyst by 
reduction processing of some kind. What is necessary is to just be based on suitable methods, 
such as warm water matter reduction processing and chemicais reduction by sodium 
borohydride etc., as this reduction processing. A high catalyst of activity can be acquired by 
using such a solution. 

[0023]lt can also carry out by only applying to a film surface a solution produced by making it 
above, in order to impregnate EPTFE, if may be made to push in into an EPTFE film 
mechanically by letting this pass on a roil etc. further. By mixing a solid polymer electrolyte 
resin solution with this catalyst, by operation of solidification by being impregnated and solvent 
removal, while covering a catalyst with solid polymer electrolyte resin, A role of a binder which 
solid polymer electrolyte resin makes catalyst particles bind, and fixes a catalyst on internal net 
eye structure of an EPTFE film is achieved, A role of a junction binder with said compound PE 
film is achieved, and a passage to which ion generated on a catalyst particle is promptly 
moved to a polymers solid-electrolyte membrane is formed. 

[0024]According to this invention, since a mechanical strength of a catalyst bed is based on an 
EPTFE film matrix, a mechanically stable catalyst bed can be formed with necessary minimum 
solid polymer electrolyte resin, therefore inhibition of gas diffusion nature by superfluous solid 
polymer electrolyte resin can be prevented. When a solvent is furthermore removed from this 
mixed solution, a formed element condenses and volume becomes small, but. According to 
this invention, since cohesive force is distributed by fibril matrix of EPTFE, at the time of 
condensation contraction, the amount of [ a volumetric shrinkage or ] void volume will form fine 
gaps as it is, and it becomes a good structure of gas diffusion nature. Since solid polymer 
electrolyte resin itself is continuing, movement of ion is performed smoothly and electrode 
performance outstanding as a result is provided. 

[0025]ln this invention, junction on a catalyst bed and a compound PE film is also 
simultaneously performed by performing formation of this catalyst bed on a compound PE film 
which was able to be obtained from EPTFE and PE solution. Such a thing is beginning with 
combination of this catalyst bed and this compound PE, and becoming possible, for example, 
even if it forms this catalyst bed by operation that generally it is the same on PE film by 
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available thermofusion shaping, unless heat and a pressure are fully put after that, it cannot 
obtain sufficient bonding strength. Since PE of a compound PE film and PE in a catalyst bed 
are continuing In a zygote of this invention, It is possible for movement of ion to be performed 
smoothly, for there to be no osmosis of superfluous PE resin to an electrode, while electrode 
performance outstanding as a result is provided, for an electrode which continues being a 
predetermined electrode component to be formed, and for it to be stabilized with sufficient 
reproducibility and to produce a highly efficient electrode. 

[0026]When same operation is performed without an EPTFE film here using a film which only 
obtained it by carrying out the cast of the PE resin solution, it is difficult for PE film to dissolve, 
or to swell violently, and for a crack etc. to occur at the time of solvent removal it not only to be 
unable to to form a catalyst bed well, but, and to form a zygote with a solvent of an ink-like 
solution used at the time of catalyst bed formation. This becomes more difficult at the time of 
thin PE film especially. Conversely, even if it uses this PE film and is going to form a catalyst 
bed by applying an ink-like solution without an EPTFE film at the time of catalyst bed formation 
directly, it will be the catalyst bed which crocodiled violently with cohesive force at the time of 
solvent removal, and will be a thing inferior to performance as an electrode. 
[0027]When performing this operation, may carry out on an independent compound PE film, 
but more preferably, . A compound PE film is formed and it is made to perform this operation 
on that surface on a substrate which has a moid-release characteristic continuously. Namely, 
after arranging the first EPTFE on a substrate which has a mold-release characteristic, PE 
solution is impregnated ail over an opening of EPTFE by applying PE solution to the surface, 
After forming a catalyst bed in the surface further like an account of Gokami which removed a 
solvent and formed a compound PE film, it is preferred to remove a substrate which has a 
mold-release characteristic and to acquire the compound PE film / electrode integral-moulding 
object of this invention. 

[0028]Even if it is put to a solvent of PE at the time of catalyst bed formation of a next process 
by forming a compound PE film on a substrate which has a mold-release characteristic, 
swelling to a plane direction can be suppressed nearly thoroughly, and can form a more 
uniform and highly efficient catalyst bed, and. Since a compound PE film can be treated by a 
substrate and one, when especially a compound PE film is thin, the handling becomes it is 
remarkable and easy. 

[0029]As a substrate which has a mold-release characteristic, a zygote of this invention can be 
exfoliated eventually, and swelling etc. are not remarkably caused to a solvent at the time of 
zygote formation of this invention, and what is necessary is that what is necessary is just to 
just have the surfaces, such as polyethylene, polypropylene, silicon, and various fluoro-resins. 
In order to use a zygote obtained by this invention for an electrochemical device, Prepare PE 
film independently, and a zygote of this invention is doubled with both sides of this film as a 
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compound PE film faces this PE film, Although it is good also as an electrode / film / an 
electrode conjugate by carrying out heat pressing to join, more preferably, a compound PE film 
surface is opposed, the zygotes of this invention are joined, and an electrode / film / electrode 
conjugate is obtained. In a zygote of this invention, since a compound PE film is formed from a 
solution, it can excel in an adhesive property dramatically, for example, can paste up easily by 
heat pressing operation on short-time comparatively quiet conditions considerably like a heat 
roll, and what moreover has sufficient adhesive strength can be produced. Even if a solvent is 
removed and it joins after dissolving the surface, making each other face too succeedingly and 
comparing as an option by applying only PE solution or its solvent to the surface of at least one 
compound PE film, a zygote which has sufficient adhesive strength is producible. Especially 
these methods are begun by using this invention integral-moulding object for at least one 
electrode, when it is going to make PE film thin, and become possible, and by a filrn by 
commercial thermofusion shaping, even if it performs same operation, sufficient bonding 
strength is not obtained. It softens, and when it lets a heat roil pass, intensity will fall extremely, 
and it will be torn, inter-electrode will connect too hastily, or thickness will change or differ 
extremely in what is depended on cast film production of only PE resin which does not contain 
EPTFE, and will become what has low reliability in it. it swells thru/or dissolves and stable 
junction is difficult what adhesive strength is not obtained by a commercial film even if it 
applies PE resin solution similarly, and is depended on cast film production. 
[0030]This invention proposes an electrode / film / electrode conjugate further. Namely, after 
extension porosity PTFE is impregnated in a solid polymer electrolyte solution, At least on one 
side of a compound polymers solid-electrolyte membrane obtained by removing a solvent. 
They are an electrode / compound polymers solid-electrolyte membrane / electrode integral- 
moulding object, wherein an electrode which it fills up with an electrode configuration 
ingredient which contains an electrode catalyst and a solid polymer electrolyte at least all over 
an opening of extension porosity PTFE, and changes is fabricated by one. After such a product 
arranges 1st extension porosity PTFE on an electrode fabricated beforehand, by applying a 
solution of a solid polymer electrolyte to the surface, A solid polymer electrolyte is impregnated 
all over an opening of extension porosity PTFE, remove a solvent, and a compound polymers 
solid-electrolyte membrane is formed, By arranging the 2nd extension porosity PTFE film on 
the surface succeedingly, and applying to the surface an ink-like solution which contains an 
electrode catalyst and a solid polymer electrolyte at least, After an ink-like solution is 
impregnated all over an opening of 2nd extension porosity PTFE, an electrode can be obtained 
by the ability to form it in the compound polymers solid-electrolyte membrane surface by 
removing a solvent. 

[0031]Here, if it is an electrode used for an electrochemical device which uses PE film as an 
electrode fabricated beforehand, all are applicable, but since an adhesive property with a 
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compound PE film is increased, it may be necessary to apply PE solution beforehand. 
Although what carried out being spreading impregnated of the PE resin is mentioned to a thing 
which bound various catalyst powder with resin, such as PTFE, or this surface as such an 
electrode, On a substrate which has a mold-release characteristic, or what is called a gas 
diffusion layer material face that is conductivity and has water repellence, an electrode applied, 
dried and obtained is [ the above-mentioned ink-like solution ] preferred more preferably, and it 
especially, An electrode which it fills up with an electrode configuration ingredient which 
contains an electrode catalyst and PE resin at least all over an opening of EPTFE the same 
with having mentioned above on a substrate which has a mold-release characteristic, or a gas 
diffusion layer material face, and changes is preferred. When a zygote of the electrode / film / 
electrode of this invention is constituted after constituting an electrode on a substrate which 
has a mold-release characteristic, of course, after constituting this, it is same with having 
mentioned above to remove this substrate at the end, but when constituted on a gas diffusion 
layer material face, it will be used as it is. 

[0032]According to this invention, a zygote of an electrolyte membrane/electrode or a zygote of 
an electrode / electrolyte membrane / electrode can be obtained as it understands by the 
above explanation, but in this invention, junction on a ** (**} ** object may also be performed 
further simultaneously. When fabricating to this ** {**) ** object and one, after fixing on a ** (**) 
** object which is later mentioned before removing a solvent yet after performing above- 
mentioned being impregnated, or a gas diffusion layer material face, by removing a solvent by 
air-drying etc., With cohesive force of a solvent and solid polymer electrolyte resin, it joins and 
unifies by using solid polymer electrolyte resin as a binder. After fixing an EPTFE film as 
another unification forming process on a ** {**) ** object or a gas diffusion layer material face, 
After a solution is impregnated all over an opening of EPTFE by applying the above-mentioned 
mixed solution or letting this pass on a roll etc. further, air-drying etc. can remove a solvent, 
and it can also join and unify. 

[0033]Atso in which above method, it may be necessary to stabilize resin by heating or other 
means eventually a kind of solid polymer electrolyte resin. An organizer is [ of this invention / 
the compound (electrode/) polymers solid-electrolyte membrane / really / electrode ] shown in 
drawing 1 (A) and (B). One is a compound polymers solid-electrolyte membrane and an 
electrode configuration ingredient in which a minute tubercle of EPTFE of a polymers solid- 
electrolyte membrane and 4 contain a microfilament of EPTFE in, 5 contains a solid polymer 
electrolyte in, and, as for 2, 6 contains an electrode catalyst and a solid polymer electrolyte at 
least, as for an electrode and 3 among drawing 1 . 

[0034]Generally, in a use of a zygote of the electrolyte membrane/electrode of this invention, in 
many cases, it is used with a charge collector or a feeding body, and, especially in the case of 
a fuel cell, a conductive water-repellent gas diffusion layer is further provided in the meantime 
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in many cases. As a **(** ** object, that with which gold and a platinum group plated or coated 
mesh, such as nickeS, titanium, copper, and stainless steel, an expanded mesh, or these metal 
meshes, porous carbon or graphite, carbon paper, etc. are used. 

[0035]What [ gave the thing same as a water-repellent gas diffusion layer as material of the 
above-mentioned collection (**) ** object a water-repellent finish by PTFE ], What mixed 
conductive powder, such as PTFE, carbon black, or black lead, and was fabricated with a 
press etc. on the above-mentioned collection {**) ** object at one, There are what was made 
into paste state, was applied, carried out dry calcination, and was fabricated, a thing which was 
kneaded and was fabricated to a sheet shaped, a thing which extended this further and raised 
porosity more, etc. 

[0036]The method of using the electrolyte membrane/electrode conjugate of this invention like 
the above for various kinds of electrochemical devices can be the same as usual except using 
the electrolyte membrane/electrode of this invention. An example of a fuel cell is shown in 
drawing 2. As for a ** (**) ** object, and 9 and 10, a solid polymer electrolyte and 2 are [ a gas 
supplying groove and 13 ] gas diffusion layer sheets a separator board, and 11 and 12 an 
electrode, and 7 and 8 one among drawing 2 . A zygote of solid polymer electrolyte 1 / 
electrode 2 of this invention or a zygote of electrode 2 / solid polymer electrolyte 1 / electrode 2 
can be used as a zygote with a ** (**) ** object if needed. 

[0037]ln this way, in a constituted polymers solid electrolyte fuel ceil. If draw ing 2 is referred to, 
0 2 will be supplied to the gas supplying groove 28 and H 2 will be supplied to the slot 29, 

Within the electrode 22, 0 2 +4H + +4e " ->2H 2 0, A reaction of 2H 2 ->4H + +4e " occurs within the 

electrode 23, 4H + flows into the electrode 22 from the electrode 23 through the solid polymer 

electrolyte 21 , and 4e " becomes electrical energy by passing along external load. About 100 ** 
of operating temperature is about 80 ** preferably from 60 **. 

[0038]The electrolyte membrane/electrode of this invention can be used for a water electrolysis 

system, an ozone generator besides a polymers solid electrolyte fuel cell, etc. 

[0039] 

[Example] 

After 10 micrometers of thickness, 83% of voidage, and the maximum aperture fix the EPTFE 

film of 1 .75 kg / cm 2 to the surface of an example 1 PP sheet with an EBP value, After the 
cavity part of the EPTFE film was impregnated by applying concentration 5wt% of a perfluoro 
sulfonic acid resin solution to the surface, by being air-dry at 70 **, the solvent was removed 
and resin was fixed in the film. By repeating this operation 4 times, impregnating 
immobilization of the resin was fully carried out at tJie cavity part of the EPTFE film, and the 
almost transparent compound polymers solid-electrolyte membrane was obtained. At this time, 
this compound polymers solid-electrolyte membrane has adhered to PP sheet enough. 
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It was in the state which can be dealt with as a sheet of about one body. 

[0040]this - another - platinum - 30wt% -- the concentration 10wt% ink-like solution so much 
mixed at a rate of the perfluoro sulfonate resin 1 was prepared for the supported carbon black 
(it abbreviates to PtC henceforth) 3. On next, the compound polymers solid-electrolyte 
membrane surface of PP sheet / compound polymers solid-electrolyte membrane prepared 
previously. After 10 micrometers of thickness, 91% of voidage, and the maximum aperture fix 

the EPTFE nim of 0.13 kg / cm with an EBP value, by applying said ink-like solution to the 
surface, The cavity part of this EPTFE film was impregnated in the ink-like solution, by being 
air-dry at 70 **, the solvent was removed and the catalyst bed of the form which PtC and solid 
polymer electrolyte resin related for which and attached to an EPTFE film cavity part and the 
internal structure surface on the compound solid polymer electrolyte surface was formed in 
one. Then, this integral-moulding object was removed from PP sheet, and the compound 
polymers solid-electrolyte membrane / electrode integral-moulding object of this invention were 
acquired. 

[0041] By letting it pass between the rolls of the couple heated at 150 **, after making two 
sheets and a compound solid polymer electrolyte side associate and piling up the integral- 
moulding object acquired in example 2 Example 1 , carry out thermal melting arrival and 
another [ an air pole and ] field is made into a hydrogen pole for one field, After having 
arranged the carbon paper which inserted with the gas diffusion layer sheet which consists of 
carbon black and PTFE like drawing 2, and gave the outside a water-repellent finish by PTFE 
further, the fuel cell was constituted by holding down with a ribbed separator board. And when 
this fuel cell was made to generate, the output of 0.64V was obtained with the current density 

of 0.5 A/cm 2 . The AC resistance values at this time are about 0.07 ohm and cm 2 , and these 
values hardly changed even after 800-hour operation. 

[0042]Used the thing of 6 micrometers of thickness as an EPTFE film fixed on PP sheet in 
example 3 Example 1, it made to be spreading impregnated of solid polymer electrolyte resin 
into 2 times, and also the compound polymers solid-electrolyte membrane / electrode integral- 
moulding object of this invention were acquired similarly. Next, it has arranged so that the 
perfluoro sulfonic acid film by the melt molding of 50 micrometers of thickness prepared 
independently may be carried out in between and a two-sheet compound polymers solid- 
electrolyte membrane side may face the integral-moulding object of this invention each other, 

2 

and it joined to one by carrying out a hotpress by the pressure of 140 **, and 30 kg / cm . The 
fuel cell was constituted like Example 2 using this zygote, and when oxygen water matter was 
made to supply and generate, the output of about 0.6 v was obtained with the current density 
of 1 A/cm2. 
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[0043]By arranging the EPTFE film of 91% of the same 10 micrometers of thickness voidage 
as having used it in Example 1 on PP sheet of 70 micrometers of exa mple 4 thickness, and 
applying the same ink-like solution as having used it in Example 1 to the surface, It was 
impregnated in the EPTFE film, the sorvent was removed, and the electrode which the mixture 
of PtC and solid polymer electrolyte resin contained was formed all over the EPTFE film 
opening. This electrode had adhered on PP sheet well. 

[0044]Then, after having arranged the EPTFE film of 85% of 18 micrometers of thickness 
voidage on this surface, concentration 9wt% of the perfluoro sulfonic acid resin solution was 
applied to that surface, and it was further air-dry at 70 ** succeedingly on it. Impregnating 
immobilization of the perfluoro sulfonate resin was carried out all over this EPTFE film opening, 
and the compound polymers solid-electrolyte membrane was made to form on an electrode 
surface by repeating this process 5 times at one. 

[0045]Next, arrange 10 micrometers of the same thickness as having used it for this surface 
previously further, and the EPTFE film of 91% of voidage, and too the same ink-like solution 
spreading, being impregnated, and by carrying out solvent removal, After forming in one the 
electrode which the mixture of PtC and solid polymer electrolyte resin contained all over this 
EPTFE film opening on the compound polymers solid-electrolyte membrane and forming an 
electrode / compound polymers solid-electrolyte membrane / electrode integral-moulding 
object on PP sheet, it removed from PP sheet and this invention integral-moulding object was 
acquired. 

[0046]When the hydrogen-air fuel cell was constituted like Example 2 and the integral- 
moulding object acquired in example 5 Example 4 was made to generate, the output of 0.62V 

was obtained with the current density of 0.5A/cm 2 , and the AC resistance values at this time 

2 

were 0.065 ohm and cm . 



[Translation done.] 
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[0 0 17] *»WT?tt, K-h©#lcLT#bn&M^ 
iS^HHE^KffiJIK©*®^. EPTFE©» 
OZt < t fcm^tt^t P E SStrttBM£l5Jt#**** 

PTFEClLtfttt. «g£:LT«, ftP3~2 0 0 
Mm, S^¥6 0%^±. ?Lg^EBPM (ASTM; 
F-3 1 6-8 6iZ$S,m<D^mX'$>f). fiX?Lg©@* 
t^a^, EPTFEB7^U ;«ji®^g^?LSS- 
-t-©SSHtar-6 , b©'Xftt/<t^. ) TO, 5kg/csi ! U 

O^ib-r*^, 3 Mm*iRTH#g&««ff£».&-t-£> 
©*«H»T?* 0 *fc+»/a:H^7c«l5«©*«*S?# 
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z'lmnmz ptfe s#<$ < & g . 

s£ e> -f . * & * s is&ss t> < u o x l * -> . 

TM®m : ¥£mte£mw>iz-ftm& z t&mmr&&» 

**«*©##» 6 a * s j: n a a 

£©*& E?TFE7^ €ttfllf* C £££ 
0 ttC©T*©«li«K: P E&tfA*iga#&&fe#f$& 

olfntSSi LT«-e*Si:i t>K. E PT F E 
74 -/U'i4y HcJ: StfEPTFEW 

[0 0 18] *t'OEPTF8iLT> 

*>*>h,z mmmm * © t> © , l& 

£jEPTFE*^SEf-5tfS. PTFE ©tV XK-V 

a >izzn$®m*ftm$itftftmm&m'&®:- nun 

*U Cin*PTFE©«»i:H««;#a«5 1 -1 8 

9 9 i*&*icM*©:&ft£tpUT»iUT**;:&** 

COO 19] EPTFEWSWaB^^ft^fcaSflH? 
t*t»«#»ME*EPTFEa«»K:ft«Lfc||. gift 

tt. #**a#*fcttc:n6ofis« 
PES&ic®jru£t>©aW£Ln»*, »i;sni:c!£fe 

immtL^K z^mmum^tMrn^^y^o 40 

[0 0 2 1 ] mm^itT^Sf &&«©» 

5 » .r. ©*»«»* t m&mm%mm 
if ^T-s^m^MifSi-^jK s £ & k~ j: 0 r^mrs so 
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s 

*fc«F E P7-C 3 >**j&0A* d £icfc0» 

AVtf A&©jg?LSj£;&D;tJ£l* tfeKSfc&-f £ d 9 
?t£f£9 , #X&S&*3 6 C*©* «fc 3 t LT fc A 

[0 0 2 2] ^fcS^T-^m^^^g^i^S^C?^ 

*. L-TfR-f 
«»**©»<*>€»*.$:: 4: *C J; 9. 

«fttt&*£ IT*-* *;/ * £ 
>7 7 •;/ if ^ *»T-H#*»«»»**** *fc 

». *»*JR©HH:t>\ «AtfQ*7>3>«#»W 

£ft6£f^C^-&Lfe&1?&?TfcAirU £©«!&» 
«/il/fHI--<|!*»**** tr&«« 6*v©a7t®« 

t0 0 : 2'' 3 J K± © J: 5 C L T » 6 tlfc * E P T F 

mz& 5fp 5 -e: 1 1> -e * * . i fe ^ ft i -i ^ ''is a 

tea r C i \Z£ Ks mW3\Z E P T F E 7 4 Jl K * -u 
ft»«£fifcUSra. J8F»EI»*»rJ:*l8<k©*f|EC± 

EPTFE7^^A©«S«l!:WfISt6 
/X-f >y-fl?S**&U. HCWK«€fPE«l<i:©«fi 

A<>y~©«**fcrt«*wjis!ii«i ; ? i i:Tr*.fiEsns 
-f ^ > sai^** i:«»ti»imwij;t?i« s tt « a 

[0 0 2 4] *»WCJ:*ltf. MKM©tttt*!ttlKttE 
PTFE7-fM7 h U?Xkr.<fc«&©. £>K*'MS© 

i6»/Kg < *3?B^iC<ktt!*. EPTFE®7r/ 
U fl/V h U 9 x sr.i D «»*^***t*fc>6. 
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£ m £ tit®,? & z t \zti o # x ftfcll ©& i*mm t u 

[0 0 2 5] XCJMSWrtt. dOfltif P 
TPEtP EiS$8W>£#6ttfc&'& P EllTlr^ui: 
ic <fc 0 t m & p e SI & ©ft & * t> I§j8§ Kir $ & © 

& fc tt fc ± t> fi C * T (6 1 & >5 Z £ X * 0 > 0? A 

«trA*5iii&ii»wi«»c «k a p E«±T?w««)*ff to 

C J: 0 * ft&l £ L, X % . * ©& -m t S.H 
C^ftUpgO C t BTtfeU. 
*&*S91©»fc*fc;iH»Ttt«£ P EHOP E 

ItpOPE L X l-> 2> & , -f > ©IWSX A~X 
fcfrfctt, LT^nfc€».^€-^{rr* t»©T 

is^&iK£&Lx#$rf 8gx«&*. 

C0 0 2 6] ;CTEPTFE«lLi:, WICPEttiS 

fcJMrfctt, »t§» >^tt»*©is 

fflRXfc*. C©C<h«^^SuPEK©^fc«cfcOS 

K *«£LT®ttflBK#*fc©i:fcoTl,*}. SO 
[0 0 2 7] C©*fP*fr5*d. *»©««fP 

EJR±Tf5foT*>A(r»a*». J: Off* L < (4. tl!tt«« 
f -5g#±X?I£P E£I£»$U j»JtT*0^iiite£ 

tl:i-BEPTF E4EHLfcfS. *©«ifiK:P E» 
•SChKiO E PT F EW^^'PiCP EmW. 
5§fL, $«£|$-;£LX8£PEK£#&Lfcl&±8B 
tr^«tL.T«fc-E-©5Sffi^ttjaEH=£^L.fcg6. 81® 

tt*«r*»tt*i»*LT*»w©ai&PER/««- 

[0 0 2 3] mit^f4«t}±l:«SPEiS»« 
d 1 0 , *Xg©««UB(SRK P E ©$8U:: 

® * n t fc . \i \t%± \z m n n 'N ©to * ftp a. * c: t a* 

£M<>:--#TaftPEBI£&A3fc«>. 1*K 
«■& P EK**8n*£. *©©ati*^L < 88 i& 

[0 0 2 9] lieS-Wf^MtlTii, 
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EK^cifltL. d©K©iW;:.£8r9f©&##£v 
I^PEl^roP E8M::ft£ft5,fc5KbX:S*>'3\ 

UXfc&t>*<. «t Off* l> < «*?g^©$-£r*£' 
3 b€\ P ERBfcfllSSrtottTftfcUT**/!!! 

t A*i b - !- a — jJ/©J; 5 C^St Dffil^P.'}©, !t«WS 
4»*^fPX©i!?!^iiE^^!li:0^aJ:.«»Wg8X. 

*fcB402f t L X. ^>ft < i: fc~^©«# P E K©£ 
® K-r. P E ^ * ft it -t © ^ $ © * * & & Z t \z X 0 
€ ^ ^ -t*- . §1 -S^»X^» 14 9 ^ 6->#fc-tirX 

a*fct>tffc*»tt lt»§ lx ti, +»a«* 
^«WTs»s*s«:siT«.ct^xss« cine.© 

SlJfcXSJai&ft*. t>©X* 0 > lMKOfft«lbft9eJ: 
^MXte^^W^f^SfroXt) ft 6 n 

^Vi, tftEPTFE^I^>PEiI©*WtX 

* VX«*C!iK*tftT b^ttfc 0 ; «W*<S«LX 

u*-3.fco. m^^^zmt^h^ma-o^xvt. 

i>«*<i©ffi;Ut>©^^-5Xb$-5. RiCP EM 

[0 0 3 0^ *fc. *5S^i4> 

#?L« PTFE Lfcft. ®mm&TZ> Zt\Z& 

iz. 38#*?mpTFE©aiii«i>K:^ft< £*>mM»s* 

tffl»^B#««¥H*§tJ«S«tfiSfig^)^3fe«$nXfi!t 

P T F E£i£«L£&. ^-©3StSic«^T-SW»K© 
S^t^TSClifti;^. P T F E©^® 

^S!*m^K«^^fctb. ?l*«t>X*©j6iBK:JB2 
©iS#*?l.HPTFE)gJ«-ESL. •e©affi^'>%< t 

mft? 6Zh£*0. 16 2 ©M#*?LM PTFE©» 

<pc-f >^«»**-&«Lfc», ®m&m&t&ztiz 
[0 0 3 i] ^.GK^nfciiSitbxsi, p 
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tf. ±TafflpIffit?***». *-&PEBt£©Jg*tt*i« 
t>*6. ::©«&««£ LTtt. ftl«)lt»*«PTF 

fc©t|3|«tLTE PTFE©SSS4 , fC / >&< £t>miS 

WfiELfcS. #8^©fgffi/J&/mS©«-&#£«&j£L 
Cft£J8j£bfc&. -©S^&fi&Kl&D 
»<o«mjfibfc©illl»T»4*«. tfxJfiifcJBttflffi 
±c«rtLfc«^fctt. *©**ttffl-ra 
coo3 2] £t±«gi^Tfe*'5io. &mmz£.m$ 
«**«/«*©«£# * fc «««/**»«/*«© 

(tt) l*i»^t)^i:fT-3tfci:H. £©m 
Sr/W >y-tbT. -{Mb**. »l©~-(Mfcfi!i 

[0 0 3 3] ^±©15JtV©^(rfe^Tt>. S5»tP63{* 

(A) (B5 C*5BW© <*«/) W^S^^H^fM* 
HM/«fii-*^^«:^*-r. 01*. 

PTF£Of/i-#f, 4«E PTFE©®fffigHt, 5 5* 
i«»^m*«0«, 6 » / >ft<t fcK^Hf 40 

[0 0 3 4] Hftt, *§SW©m$fiBI/®ffi©&£«: 

©»#te#xt^Jg#&t*5ft.&;i£t>£^. jg <*&) 

/^My S'alC&^afci*©* y^*fc«rJ-T--f > 
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[0 0 3 51 *£. »*tt#Xi£1Rli£LTW:±BS& 
(IS) tW*©^fcra«©fc©*PTFET»*fflSL 
£*>©•$>. PTFE£;fr-#>:/7-y£ *£«!!«}$© 

ttJS^L.Tfifc»Lft*>©. MmhTi/- bmz^BL 

[0 0 3 53 tt±©»**3B«©*J*MB/«S«£# 
S-&a©*^k^Siz^-r5tfc^rtt. *56^©^/B 

2t*tt«. 7, (ft) «*. 9. 10 

IttrtU-flA. 11. 12te#XftJSi«. 13tt#X 

««ra i /«« 2 ©&&&x«mii 2 /a^iaf*** 

Hl/ttS 2 ©«£*«* (£> *fl!tO»*#tLT 

[0 0 3 7] C5LTtt&£nfc*#*BfMW«i« 
MTtt. S2^#lfS>. ^*8»2B(:0, 4 
gt2 9C:H, £{K*grr-5£. m*I2 2|*3TO ! + 4 H* 
+ 4e' ->2H, O. -4H' +4 

e ' ©R/6A»E ^ 0 . 4 H* ttKtf^BfrfetfH 2 1 * 
aoT«ffi2 3*>£>m&2 2Mffft, 4e" 

ot^ei oot:gg, #£U<&8 0t:fijare*-&. 

[0 0 3 9] 

PP^-h©SffiiCil^i Omiti. 3 ft* 

EWEBPITI. 7 5Kg/ca' ©EPTFE7/A 

* >mtir»lfttft4rr« t & E P TF E 

>z&o®mz®&LTmm*7 ■< )\>i<<pizm%brc< a 
©sif££ 4 taitoig-r ^ t iudeptfe?^ ;l-a© 

?*m«MMf*. PP->-M:+»II[lT^0. Jitf- 

[0040] cinifas'jc. si^ss o*t%ai#ufc* 

~^>y5>>^ (MPtCtSSf) 3IC/*:UIW- 

7MD7^7 * >mmm 1 ©w^T?jg#uftji« i o 

SM^iSir.. Kff i Owm. '£mm9 1%. «*?LaA* 
E B PIT 0 . 13 Kg/eGS ! ©EPTFE 7 4 )vb. «® 
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\Z&0. I(OEPTFE7-f ^AroSgfg^lC-f >^«» 

7 o trfaa-r -2) r. i (r «fc 0 U 
T, $&S5# ; ?IS#1&«?.?mBBS::E PTFE7^^$ 

* 15 1> l> A: »fl)*t« » ^ - {* fc L fc. * © 
[0 0 4 1 ] HfiMl. 

'^JS^jnrttfc— «t^«c*2«:, «&&# : ?68#:*&fl¥ io 

ftS. <fe5-*W®*:*Stti:l/r. H2fl)»l:*-# 
> ^-^iPTFEt^f, & £ •> - K T« 

Hd-HD^CP T F E?»5fc$aSLfcS-#> 

0. 5 A/c»' 

to. 6 4 vamtjwmmtz. M^zmsco^mi&iA 

ffitt&O. 0 7^-A-cn)' dft6©fi«8 0 20 

[0 0 4 2] 

*J80>Jl t*5^TPP->-hffl±tca^L/fcEPTFE 

*?s$i©«^i§#^ra&m$ssm/mii-®$$ft£^ 

ft £ 2 |^&*#^B#«#SI»ffi#ft£&-5 <fc 5 KR 
KLT, 140SC, 3 0kg/cD' ©EEfrT?*-? Y"fU 30 

^LT^SS-tiTciC^. 1 A/cm2 

o. 6 v©ai:*>7wse>nfc. 

If 7O(£m»PPy-h0±i;, ^IfllX'ifli/ft 
ttto&mzWM-f SCtCiO. EPTFE7-TM 
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nfcmm$i&!&Ltt. r.©«a«pp->- M~&<iast 

[0 0 4 4] g?^TMlCd©^iiC. iglJP 1 8 amSI 
$85%«)EPTFE7Y/i'A^SlL/^, *©«® 

0 mt ~ t \Z £. 0 , © E ? T F E 7 -C ^ASIU* fc/t 

[0 0 4 5] j8.izz<Q$imzmzmmi>fzv>tm 

Cm» 1 0 m !». g|R* 9 1 %©£ P T F E 7-f JUA£ 

- ^lc/)EPTPE7<< ^AS|K4»K: P 
t c >;«#^ii3#f»j88!igfc©$$&#$#£ftfc$ 

ttfc*fc**HF ■H**Hm«±fc-^fc»«L.T. P P 
x- h JtlcfUi/Mft*^ f-H*tgMBW«/fB« ■-•*(« 
L fcfft. P P h * 6 « I, £ ? T*RW- 

[oo46] -Mmm 

mt&m 4 t* «p ntz -warn * £• * mm 2tmm\zL 

0. 5 A/co' 0 . 6 2 V ©«*>*<& £ ft 

fc. 01 ©£*©£«&&«« 0. 0 6 5^-A-em 

[0 1 ] ^SSiDlSlSftflMPi/ii-Wii 
Sicft (A) &t*m&/!8&£#?l§#«$SISIS/««I-- 
<B) OVi8B?&&. 

4 

7, a -jg ($&) 

9, 1 

11.1 2-#X(fc*&j» 
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